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(57) Abstract 

The invention relates to cyclohexaneacetic acid derivatives of formula (I) and salts and solvates thereof, in which X 1 , X 2 
and Yi, which may be the same or different, represent CHorN; Y 2 represents N or, when Y 1 represents N, may also repres- 
ent CH; Ri represents a hydrogen atom or a hydroxyl, Ci_4 alkyl or 2^2-trifluoroethyl group; R 2 represents a hydrogen at- 
om or, when both X 1 and X 2 represent CH, may also represent a fluorine, chlorine or bromine atom or a phenyl or C M al- 
kyl group; R 3 represents a hydrogen atom or, when both Y 1 and Y 2 represent N, may also represent a C w alkyl or 
hydroxymethyl group. The compounds inhibit fibrinogen-dependent blood platelet aggregation. 
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CYCLOHEXANEACETIC ACID DERIVATIVES AS INHIBITOR S OF FIBRINOGEN- 
DEPENDENT BLOOD PLATELET AGGREGATION 

This invention relates to cydohexane derivatives, to processes for their preparation, 
5 to pharmaceutical compositions containing such compounds and to their use in medicine. 
It is widely accepted that the glycoprotein coiriplex Gp Hb/IIIa is the fibrinogen 
binding ate on platelets that mediates the adhesive fiinction required for platelet 
aggregation and thrombus formation. We have now found a group of non-peptidic 
compounds which inhibit fibrinogen-dependent platelet aggregation by blocking the 
10 binding of fibrinogen to the putative fibrinogen receptor Gp Eh/ma complex. 
The invention thus provides the compounds of formula® 

2 3 

R R 

15 H 

and salts and solvates thereof in which 

X 1 , X 2 and Y 1 , which may be the same or different, represent CH or N; 

Y 2 represents N or, when Y 1 represents N, may also represent CH; 

R l represents a hydrogen atom or a hydroxyl, Ci^alkyl or 2,2,2- trifluoroethyl 
20 group; 

R 2 represents a hydrogen atom or, when both X 1 and X 2 represent CH, may also 
represents a fluorine, chlorine or bromine atom or a phenyl or C,^alkyl group; 

R 3 represents a hydrogen atom or, when both Y 1 and Y 2 represent N, may also 
represents a C^aOcyl or hydroxymethyl group. 
25 In the formulae that follow, the terms "ring -A-" and "ring -B-" will hereinafter be 

used to described certain rings of formula (I): 



30 
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2 3 




ring A ringB 



It will be appredatedAa^ fijr phannacaifical use, the salts referred to above will be 
the physiologically acceptable salts, but other salts may find use, for example in the 
preparation of compounds of formula (I) and the physiologically acceptable salts thereof 

10 Suitable physiologically acceptable salts of the compounds of formula © include 

acid addition salts formed with morganic or organic acids (for example hydrochlorides, 
hydrobromides, sulphates, phosphates, benzoates, naphthoates, lrydiracviiaphthoa^^ 
tH^^nlphnnates, methanesulohonates, sulphamates, ascorbates, tartrates, salicylates, 
succinates, lactates, ^utarates, fi^aconates, acetate^ 

15 andmaleates) and inorganic base salts such as alkali metal salts (for example sodium 

salts). 

Other salts of fee CT mp nrads of formula (I) include salts formed with 
trifluoroacetic acid 

It is to be understood that the present invention encompasses all isomers of the 
20 compounds offommk® and their salts and sorvates,inchidmgatttautmnericaiidon^ 
forms, and mixtures thereof (e.g. racemic mixtures). 

The term "alkyl 1 as a group or part of a group means a straight or branched chain 
alkyl group, for example a methyl, ethyl, n- propyl, i-propyl, n-butyl, s-butyl ort-butyi 
group. 

25 
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A preferred group of compounds of the invention are those of formula (la) 

2 3 



5 




and salts and solvates thereof in which X 1 , X 2 , Y 1 , Y 2 , R 1 , R 2 and R 3 are as defined in 
formula (I) above. 

A particularly preferred compound of the invention is 
cfc-4-[4- [4^aminoimmomethyl)phen^l-pipOTzinyI]-l- hydroxycydohexaneacetic add 
and physiologically acceptable salts and solvates thereof 

Other preferred compounds of the invention are 
cis-4-[4-[4-(aminoimin^ 
hydroxycydohexaneacetic add; 
ds-4-[4-[2<Aminoiminome^ 
hydroxycydohexaneacetic add; 
os-4-[4-[2- (aminoiminomethyl)-5-pyridiny^^ 
add; 

ds^4-[4-(aminoimmometbyl)^^ add; 
^ g ^4^^«mmftiTninntnrthyl)[l , V4iiph^]-2-^]-l-pipm2iiqd]>l> 
hydroxycydohexaneacetic add; 
and physiologically acceptable salts and solvates thereof 

Compounds of formula (I) inhibit blood platdet aggregation as demonstrated by 
studies performed on human gd filtered platdets (OTP) using a Born-type optical 
aggregometer (Born, G.V., 1962, Nature, 124. 927-929). 

In view of their fibrinogen antagonist activity, the compounds of the present 
invention are ofinterest for use in human and veterinary medicine, particularly in the 
treatment or prophylaxis of thrombotic disorders. Particular examples of thrombotic 
disorders are known in the art and include occlusive vascular diseases such as myocardial 
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inaction, cardiac fetalities, angina, transient ischaemic attacks and thrombotic stroke, 
arteriosclerosis, vessel wall disease, peripheral vascular disease, nephropathy, retinopathy, 
postoperative thrombosis, pulmonary embolism, deep vem^mbosis and retinal vein 
thrombosis. The compounds of the invention are also of interest for use in the 
5 prophylaxis of peri- and postoperative complications following organ transplantation 
(particularly cardiac and renal), coronary artery bypass, peripheral artery bypass, 
angioplasty, thrombolysis and endarterectomy. 

The compounds of the invention may also be useful for the treatment or prophylaxis 
of other conditions in which the glycoprotein complex Gp ffij/ma or other integrin 

10 recurs are implicated, Thiis,forexaim?leitfae«mipam^ 

potentiate wound healing and be useful in the treatment of osteoporosis. 

The compounds ofthe invention may also be.useful for the treatment of certain 
cancerous diseases. For example, compounds ofthe invention may be of use to prevent 
or delay metastasis in cancer. 

15 According to a further aspect ofthe invention, we provide a compound of formula 

0) or a physiologicalry acceptable salt or solvate thereof for use in human or veterinary 
medicine, particularly for use in the treatment or prophylaxis of thrombotic disorders. . 

According to another aspect ofthe invention, we provide the use of a compound of 
formula (I) or a physiologicalry acceptable salt or solvate thereof for the manufacture of a 

20 therapeutic agent for the treatment or prophylaxis of thrombotic disorders. 

According to a further aspect ofthe invention, we provide a method of treating a 
human or fwimwT subject suffering from or susceptible to a thrombotic disorder, which 
method comprises admmstering to said subject an effective amount ofa compound of 
formula © or a physiologically acceptable salt or solvate thereof 

25 It will be appreciated that the compounds of formula (F) may advantageously be 

used in conjunction with one or more other therapeutic agents. Examples of suitable 
agents for adjunctive therapy include thrombolytic agents or any other compound 
stimulating thrombolysis or fibrinolysis and cytotoxic drugs. It is to be understood that 
the present invention covers theuse ofa compound of formula (I) or a physiologically 

30 
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acceptable salt or solvate thereofin combination with one or more other therapeutic 
agents. 

The compounds of formula (I) and their physiologically acceptable salts and 
solvates are conveniently administered in the form of pharmaceutical compositions. Tims, 
5 in another aspect of the invention, we provide a pharmaceutical composition comprising 
a compound of formula (Q or a physiologically acceptable salt or solvate thereof adapted 
for use in human or veterinary medicine. Such compositions may conveniently be 
presented for use in conventional manner in admixture with one or more physiologically 
acceptable carriers or excipients. 
1 0 The compounds according to the invention may be formulated for administration in 

any suitable manner. The compounds may, for example, be formulated for topical 
administration or ad ministrati on by inhalation or, more preferably, for oral or parenteral 
administration. 

For oral administration, the pharmaceutical composition may take the form of; for 
15 example, tablets, capsules, powders, solutions, syrups or suspensions prepared by 

conventional means with acceptable excipients. 

For parenteral administration, the pharmaceutical composition may be given as an 

injection or a continuous infusion (e.g. intravenously, intravasculariy or subcutaneous^). 

The compositions may take such forms as suspensions, solutions or emulsions in oQy or 
20 aqueous vehicles and may contain formulatory agents such as suspending, stabilising 

and/or dispersing agents. For administration by injection these may take the form of a 

unit dose presentation or as a multidose presentation preferably with an added 

preservative. 

Alternatively for parenteral administration the active ingredient may be in powder 
25 form for reconstitution with a suitable vehicle. 

The compounds of the invention may also be formulated as a depot preparation. 
Such long acting formulations may be administered by implantation (for example 
subcutaneously or intramuscularly) or by intramuscular injection. Thus, for example, the 
compounds of the invention may be formulated with suitable polymeric or hydrophobic 

30 . 
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materials (for exampleas an emulsion man acceptable oiO. or ioaeatdiaiige resits or as 
sparingly soluble derivatives, for example, as a sparingly soluble salt 

As stated above, the compounds of the invention may also be used in combination 
with other therapeutic agents. The invention thus provides, in a fiirther aspect, a 

5 combination compri^ 

solvate tfaeretftogeraer*^ another tbe^ in particular a thrombolytic agent 

The amibinations referred to above may convenionfyte presented for use in the 
form of a pharmaceutical fennulation and thus pharmaceutical formulations comprising a 
combination as defined above together with a pharmaceutically acceptable carrier or 
10 excipient comprise a fiirther aspect of the invention. The mdividuat components of such 
combinations may be administered either sequentially or simultaneously in separate or 



When a compound of formula © or a physiologically acceptable salt or solvate 
thereof is used m combmanVm 
15 disease state the dose of each compound may differ from that when the compound is used 
alone. Appropriate doses will be readily appreciated by those skilled in the art 

A proposed daily dosage of a compound of formula (T) forme treatment of man is 
0.01 mg/kg to 30 mg/kg, which may be conveniently a dminister ed in 1 to 4 doses. The 
precise dose employed will depend on the age and condition of the patient and on the 
20 route of adininistration. Thus, for example, a daily dose of O.lmg/kg to lOmg/kg may be 
suitable for systemic administration. 

Suitable methods for the preparation of compounds of formula (L) m & salts and 
solvates thereof are described below. 

Ihthefonnulae that follow, X 1 , X*. Y*. Y 2 , R 1 , R 2 andR? are as defined in formula 
25 (Tj above unless otherwise stated; R* represents a protecting group and Hal represents a 
halogen, e.g-bromine. 

Thus, according to a first process (A), compounds of formula (0 in which R* 
represents a hydrogen atom may be prepared from compounds of formula (IT) 
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R R 

H 



by treating said compounds of formula (II) with a suitable alkylating agent, followed by 
reaction with a source of ammonia (e.g. ammonium acetate) in an alcoholic solvent (e.g. 
methanol) at an elevated temperature (e.g. reflux), and thereafter removing the carboxyhc 
add protecting group. The alkylation (e.g etbyiation) may conveniently be effected by 
10 employing an appropriate trialkyloxonium salt (e.g. trietbyioxonhim tetrafluoroborate) in 
a suitable solvent (e.g. dichloromethane) at room temperature. Alternatively the alkylation 
(e.g. methyiation) may conveniently be effected using an alkyi halide (e.g. iodomethane) 
in a suitable solvent such as a ketone (e.g. acettme)atandevatedten5wature(e.g. 
reflux). 

15 According to a farther process (BX compound 

represents a hydroxy group may be prepared from compounds of formula (HI) 



20 




0») 



or protected derivatives thereof by treating said compounds of formula (HI) with 
hydroxyiamine or an add addition salt thereof (e.g. hydroxyiamine hydrochloride) in the 
presence of a suitable base such as an alkali or alkaline earth metal carbonate or 

25 bicarbonate (e.g. potassium carbonate) and in a solvent such as an alcohol (e.g. 

methanol), followed, where necessary, by removing any protecting groups present. The 
reaction with hydroxyiamine or an add addition salt thereof may conveniently be effected 
at an elevated temperature (e.g. reflux). 

According to a yet farther process (C), compounds of formula (I) in which R l 

30 represents a C^alkyl or 2,2^-trifluoroethyl group may be prepared by treating 
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Accordiiigtoayetfiirtherprocess(C), colnpolmdsoffi>^^uIa(I)iawll^chR , 
represents a C^alkyl or 2A2-tnfluoroe%l group may be prepared by treating 
compounds of formula (IV) 

z . a 
R R 

(wherein R 4 represents art alkyl group, for example a Chalky! group such as ethyl) with 

10 anainmeR^(whereR l represente^ 

removal of the carboxyiic acid protecting group. The reaction with the amine R'NH, may 
conveniently be carried out in a suitable solvent such as an alcohol (e.g. methanol) or an 
ether (eg. tetrahydxofuran) at about room temperature. 

Another process (D) for preparing compounds of formula (I) comprises 

15 d^tectmg protected d>rwatrw ma particular 

embodiment ofdds process compounds of formula© may be prepared from protected 
carooxyl derivatives of compoui^ 

Suitable carboxyl protection groups include, for example, those described in 
■Protective Groups in Organic Synthesis' by Theodora W. Green , second edition, (John 

20 Wiley and Sons, 1991) which also describes methods for the removal of such groups. 
Particular carboxyl protecting groups include, for example, carboxyiic acid ester groups 
such as carboxyiic acid alkyl or aralkyl esters, for example where the alkyl or aralkyi 
portion of the ester function is methyl, ethyl, tert-butyt, methoxymethyi, benzyl, 
dnih<myiniethyl,trh^^ When the ester is an imbranched alkyl 

25 ^g. methyl) ester deprotection may be effected under conditions of acid hydrolysis, for 
. example using hydrochloric acid. Tert-butyl and triphenyhnethyl ester groups may be 
removed unto conditions of moderate acid hydrolysis, for example using formic or 
trifluoroacetic acid at room temperature or using hydrochloric acid in acetic acid. Benzyl, 
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diphenylmethyi and nitrobenzyl ester groups may be removed by hydrogenolysis in the 
presence of a metal catalyst (e.g. palladium). 

According to another process (E), compounds of formula (I) may be prepared by 
interconversion, utilising other compounds of formula (I) as precursors. Thus, for 
5 example, compounds of formula (I) in which R 1 represents a hydrogen atom may be 

prepared from corresponding compounds of formula (I) in which R 1 represents a hydroxy! 
group by catalytic hydrogenation in a solvent such as an alcohol e.g. ethanoL Suitable 
catalysts include Raney Nickel or conventional palladium or platinum catalysts. 

When a particular isomeric form of a compound of formula (I) is desired, for 
10 example a compound of formula (IaX the required isomer may conveniently be separated 
using preparative high performance liquid chromatography (h.pJ.c.) applied to the final 
products of process (A)-(E) above or applied prior to any final deprotection step in said 
processes. 

Compounds of formula QS) maybe prepared from compounds of formula (V) 




by treating said compounds of formula (V) with hydrogen sulphide. The reaction may 
conveniently be carried out in a solvent such as dimethylformamide or pyridine and in die 
presence of an organic base such as an amine (e.g. triethylamine). 

Compounds of formula (m) may also be prepared from compounds of formula (V) 
by removing the carboxyiic add protecting group R p according to the method described in 
process (D) hereinabove. 

Compounds of formula (TV) may also be prepared from compounds of formula (V) 
by treating said compounds of formula (V) with an alcohol K*OH (where R 4 is as defined 
previously) under acidic conditions, for example in the presence of an inorganic arid such 
as hydrochloric arid. 
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15 



20 



25 



10 

Compounds of formula (V) in which ring -B- represents 



a 
R 



or 



N N 

may be prepared by reacting compounds of formula (VI) 



■-O 



2 

R 



XT\ I — ( 
nc— ( V-y' KK <V» 

with compounds of formula (VII) 




.OH 

, m ^J (vii) 
CHaOOzR 



under reducing conditions. 



30 



at 

reflux) in an aromatic hydrocarbon solvent (e.g. toluene), preferably containing molecular 
sieves, and in the presence ofan acid such as an alkane- or arylsulphonic acid (e.g. 
p-totaer^riffliicacidT, andmerro 

(e.g. ethanol) in the presence of a suitable transition metal catalyst such as palladium (e.g. 
palladium-on- carbon) at about room temperature. Altematrvefy, compounds of formulae 
(VI) and (VH) in me presence of an acid such as hydrochloric acid and in a solvent such 
as an alcohol (eg. methanol) may be treated with a reducing agent such as a borohydride 
reducing agent (eg. sodium cyanoborohydride) and preferably also with molecular sieves. 

Compounds of formula (VII) may be prepared from a derivativeof 
cydohexane-l,4-dione in which one of the two oxo functions is protected (eg. as a cyclic 
ketal) by treating said derivative with an anion of an acetic acid derivative CHjCOjR" 
followed by removal of the oxo protecting group. The anion may be generated using an 
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20 



25 



11 

alkyflhhium reagent (e.g. n-butjdiithium) in an inert solvent such as a hydrocarbon (e.g. 
n-hexane) or an ether (e.g. tetrahydrofiiran) or a mixture of such solvents at a low 
temperature, optionally in the presence of an organic base such as an amine (e.g. 
cyclohexyiisopropylamme). The oxo protection group may be removed under 
conventional conditions. Thus, for example, a cyclic ketal may be removed by treatment 
with a palladium reagent such as bis(acetonhrile)palladium (IT) chloride in a solvent such 
as a ketone (e.g. acetone) at about room temperature or using an acid such as aqueous 
hydrochloric add or a mixture of aqueous hydrochloric acid and acetic acid. 
Compounds of formula (V) in which ring -B- represents 



3 

R 



K 

w 

may be prepared by reacting compounds of formula (VIE) 
15 R 2 

with compounds of formula (IX) 

3 

R 

in the presence ofa base such as an alkali or alkaline earth metal carbonate or bicarbonate 
(e.g. sodium bicarbonate) and in a suitable solvent such as an aprottc polar solvent (e.g. 
dimethylformamide, acetonhriie or dimethylsulphoxide), conveniently at an elevated 
temperature. 

Compounds of formula (IX) may be prepared from compounds of formula (VII) by 
reacting said compounds with a piperazine derivative or a protected (e.g. N-benzyi 

30 
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protected) piperazine derivative undo" reducing conditions, for example as described 
above for the reaction between compounds of ferrauIae(VT) and (VIQ, Mowed, where 
appropriate, by the removal of aiy N-protecting group present using conventional 
conditions. 

5 Conrooundsoffonnula(v7mwfo"<&r^ 



10 



15 



20 



may be prepared from compounds of formula (X) 




by treating said compounds of formula (X) with an anion of an acetic acid derivative 
CHjCOjR? according to the conditions described above for the preparation of compounds 
of formula (VII). 



of formula 



(XI) 




(XI) 



using conventional mfld oxidising agents such as pyridinhim dicbromate in a solvent such 
25 as a halogenated hydrocarbon (eg. dicMoromethane). 
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20 



25 



Compounds of formula (XI) may be prepared by reacting compounds of formula 
(VDI) with a compound of formula (XII) 




m ' v ' (XII) 



according to the conditions described above for preparing compounds of formula (V) 
from compounds of formulae (VIII) and (IX). 

The compound of formula (XII) may be prepared by hydrogenating a compound of 
formula (Xm) 

/ %-J V-OH <».!> 




10 



The hydrogenation may conveniently be effected in the presence of a suitable 
transition metal catalyst such as rhodium, preferably also with alumina, in a solvent such 
IS as an alcohol, e.g. ethanol, and preferably at an elevated pressure. 

The compound of formula (XIII) is a known compound described by C. Alvarez si 
alin Synth. Commun. 1991, 21, 619. 

Compounds of formula (VI) in which ring -B- represents 



3 

R 



N N 

may be prepared by reacting a piperazine 

3 

A 

with a compound of formula (VIE) under basic conditions. Suitable bases include alkali or 
alkaline earth metal carbonates such as sodium carbonate or potassium carbonate. The 
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reaction may conveniently be effected m a solvent such as diinethylfonnamide or 
dimethylsalphoxide at ah elevated temperature (e* 100°-20(fC>. 
Conrooundsoffomnte(VI)m*fach 

may be prepared ftom compounds of fenrndaQOV) 



2 




(XIV) 



under suitable reducing conditions. 

Convenient^, connjounds of tamtoQOY}imlnMifa*a&bM&* i * n 
alcoholic solvent (eg. e^o^ataadevatedtenveraturetoi>rovide asaltofformula 

(XV) 



R 




which is reduced, for example using a borohydride reducing agent such as sodium 
borohydride in a suitable solvent such as an alcohol (e:g. ethanol) or dimethyl&rmamide 
or a mixture of such solvents to a compound of fiwmula (XVI) 



z 
R 
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Removal of the benzyl group ami double bond from a compound of formula (XVI) 
provides the desired compounds of formula (VI). The removal of the benzyl group may 
conveniently be effected by hydrogenolysis in the presence of a palladium catalyst such as 
Pd(OH)j-on-carbon, or by reaction with 1-chloroethyl chloroformate in the presence of a 
5 base such as ^proton sponge followed by treatment with methanol. The removal of the 
double bond may conveniently be effected by hydrogenation in the presence of a platinum 
catalyst such as platinum-on-carbon or platinum oxide and an acid (e.g. hydrochloric 
add). 

Compounds of formula (XIV) maybe prepared by converting compounds of 
10 formula (VIII) to the corresponding boronic adds of formula (XVII) 



R 




under conventional conditions, and thereafter reacting said compounds of formula (XVII) 
with a 4-halopyridine such as 4- bromopyridine, preferably in the presence of a suitable 
transition metal catalyst such as a palladium catalyst [e.g. 

tetrakis(triphenyiphosphi^ and a suitable base such as an alkali metal 

carbonate (eg. sodium carbonate). The reaction may conveniently be effected in a solvent 
such as an aqueous ether (e.g. aqueous 1,2-ethanediol dimethyl ether). 

Compounds of formula (XIV) in which ring -A- represents a fluoro, chloro or 
bromo substituted 1,4-phenyiene group may conveniently be prepared by reacting an 
appropriate compound of formula (VHI) in which Hal is a bromine atom with a 
compound of formula (XVIH) 




under the boronic add coupling conditions described previously. 
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The compound of formula (XVm>may be pn^to4-broinopyridmeby 
treating said compound with an alkyilitbium reagent (e.g. n-butyllithium) at a low 

temperature (e.g.aboiit^ 
b^ieagentsuchastriisoprop^ 

5 acid). 

Compounds of formula (VIE) are either known compounds or maybe prepared 

^tneknc^compcwndsofformu^ 

Compounds of formula (I) or intermediates thereto in which ring -A- represents a 

10 ,nodTficatfontfthecorres^^ 

substituted 1,4- phenyiene group. Thus, for example, the bromo substituted intermediate 

maybetreatedwimazincrea^ 

promco of ti gi^r*"- mcfa as tetrakis ftriphei^hosphme)pailadium (0). 

Ahemativehy, phenyl 
15 palladiumcata^suchastetr^ 

be efr^ usmgatin reagent (R^Sn (where R a is C^Ikyl) in the presence of a 

paIIadium<atatystsuchasKs(tr^ 

ftv^ also beawiedatedby thosesld^ 
descnTjedheremaboveffiedesh^ 
20 by commencing with an optically pure starting material or by resolving the racemic 
mixture at any convenient stage in the synthesis. 

Resolution of the final product, an mtennediate or a starting material may be 
effected by any suitable memodknowttiameart see for example 'Stereochemistry of 
Carbon CompoimdVbyELmdC^wIfflX 1962) and 'Tables of Resolving Agents' 

25 bySHWflen. 

Certain intermediates described above are novel compounds, and it is to be 
understood that all novel intermediates herein form further aspects of the present 
invention. Compounds of formula (V) are key intermediates and repesent apa^dcular 
aspectrfthepresenti^lvention. 
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Conveniently, compounds of formula (I) are isolatedibllowing work-up as add 
addition salts, e.g. trifluoroacetate salts. Physiologically acceptable add addition salts of 
* the compounds of formula (I) may be prepared from the corresponding trifluoroacetate 

salts by exchange of ion using conventional means, for example by addition of a suitable 
5 organic or inorganic add. Inorgamc base salts of the compounds of formula Q) may also 
be prepared from the corresponding trifluoroacetate salts by addition of a suitable strong 
base such as sodium hydride. 

Solvates (eg. hydrates) of a compound of formula (I) may be formed during the 
work-up procedure of one of the aforementioned process step s. 
1 o The following Preparations and Examples illustrate the invention but do not Hmh 

the invention in any way. All temperatures are in°C. System (A) is 
dichloromethane-ethanol-0.880 ammonia. Preparative high performance liquid 
chromatography (h.plc.) was carried out using a Dynamax 60A CI 8 8jiM25cmx 
41,4mm id. column ehxted with a mixture of solvents (A) 0.1% trifiuoroacetic acid in 
IS water and (B) 0.05% trifiuoroacetic add in acetonitrQe. Analytical h.p.Lc. was carried out 
using a Dynamax 60 A C18 8pM 25cm x 4.6mm i.d column using duants as for 
preparative h.p.Lc. 

Intermediate 1 

20 1 1-Dimethvlethri 8-hvdroxv-l 4^ioxaspiror4.51de(^n^a(^tate 

n-Butyllithium (1.64M in hexane, 16.1ml) was added to a stirred solution of 
N-isoprop>dcydohexylamine (4.11ml) in dry tetrahydrofiiran (50ml) at -76° under 
nitrogen, and rtirring was continued at -76° for 20min. A solution of t-butyl acetate 
(3.37ml) in tetrahydrofiiran (12ml) was added, and stirring was continued at -76° for 

25 L25h. A solution of l,4-dioxaspiro[4,5]decan-8-one (3.02g) in tetrahydrofiiran (10ml) 
was added, and the mixture was allowed to warm to room temperature with stirring 
overnight The mixture was partitioned between saturated aqueous ammonium chloride 
solution (75ml) and ether (3x50ml), and the organic layers were washed with brine, dried 
(MgSOJ and evaporated to give a pale yellow oil. Purification by dry flash 
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chrornatography on stttcaget (Merck 7736) with hexane-ether (4:1-1:1) ehiant afforded 
tt w , ^fe CO mtiound_(4 ^3g) as a colouriess liquid. 
Tic. Sip, (hexane-ether 1:1), Rf 0.4. 

S Intermediate 2 

Intermediate 1 (0.547g) in acetone (20ml) was treated with bis 
(acetonitrfle)paIladram (II) chloride (lOmg) and stirred in the dark under nitrogen for 26h. 
The solvent was removed nUBCUa and the residue purified by flash chromatography over 
10 sflica gel (Merck 60X elating whh hexane-ether (4:1-1:1) and ether, to give the title, 
com pound as a colourless solid (0.248g). 
Tic. SiO, (hexane-ether 1:1), R£0.2. 

Intermediate 3 

Intermediate 2 (I0.0g) and l^henymiethyl)ptper^ 
methanol (250ml) and 1M hydrogen chloride in ethanol (I5ml) added, followed by 3 
molecular sieves (5g) and sodium (^anoborobydride (2.8g). The mixture was stirred at 
22° for 65h, filtered and evaporated m vacuo . The residue was suspended in 8% sodium 

20 bicarbonate (100ml) - brine (lOOnJ) and extracted with ethyl acetate (2x250ml). The 
organic extracts were combined, dried (N^SO^ and evaporated mjmSUQ, The residual 
oil was purified by flash chtomatogtaphy over silica (Merck 9385) with ether- 
triethylamine(985) eluantto afford firstly the flsas isomer (2.70g) then a mixture of sk 
andfiam isomers (6.06g) Mowedby rwrecj$ isomer (1.02g). 

25 Tic. SiQi (eraer-triethylamme 982), Rf 0.13 (cis) and 0.18 (trans). 

Intermediate 4 

1 l-Pim^ y 1 ^ T-hvdr^vv-^T -pineraTir^^clohexaneacetate 

A 1:1 mixture of as and trans isomers of Intennediate 3 (6.05g) was dissolved in 
30 ete>l(10()iiu) was treated with lMeto 
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pre-hydrogenated Pearimans catalyst (2.0g) in ethanol (100ml). The mixture was 
hydrogenated at room temperature and pressure for 16h, filtered through hyflo and 
evaporated ia^SCm The residue in water (100ml) was treated with 2M sodium 
carbonate until the pH was 12, then the solution evaporated to dryness BLSfflaift. The 
5 resulting solid was triturated with chloroform (100ml), the residue filtered off and the 
filtrate evaporated in vacuo to afford the title compound as a colourless viscous gum 
(4.55g). 

Tic. SiO, (System A 29:10: IX Rf 0.56 (cis) and 0.67 (trans). 

10 Intermediate S 

1 , UPimethvlet hvl ^^^no-S-rnmrMmmrrWl-mperaarrvn-l- 

hydroxvcvclnhexaneacetate 

5-Bromc-2-cyanopyrimidine 1 (2.62g) and Intermediate 4 (4.47g) in acetonitrile 

(100ml) were treated with sodium bicarbonate (2.52g), heated at reflux under nitrogen for 
IS cooled and evaporated in vacuo. The residue was partitioned between water (80ml) 

and ethyl acetate (2x100ml), and the organic extracts dried (Na^SOJ and evaporated m 

vacuo . The residue was purified by flash chromatography over sflica (Merck 9385) 

elutingwhh dichloromethane-methanoMethylamine (93:5:2-88:10:2) to afford the title 

g2mgojffldX0.890g). 
20 Tic. SiO, (System A 89:10:1), Rf 0.6. 

1. Col Czech. Chem. Comm., 1972, 2Z 1721. 

Intermediate 6 

4-(l -Pipi^a^benzonitrile 
25 4-Chlorobenzonitrile (16.5g) was heated at 1 80° with piperazine (3 lg) and sodium 

carbonate (26. lg) in dimethylsulphoxide (300ml) with stirring under nitrogen for 20h. 

The mixture was poured into water (1.21) and extracted whh chloroform (3x500ml). The 

organic layers were washed with water, dried (MgSO^ and evaporated to give the fills 

compound as a vellow oil (23.6g). 
30 Tic. SiO, (System A 83.5:15:1.5), Rf 0.55. 
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Intermediate 7 was prepared in a amilar manner. 

. ie_2 

?. ^inn^l-pfr^^^"ra°ftrite (26.6r) as a yellow solid. 
5 From 3-bromo^ftoorobenzomtriIe (20.0g). 

Tit SiOj (System A95:5:0.5), Rf 0.15. 



Li 

4-Ovancyphf"ylb nmmc acid 

10 Asohriontfn-lmtyffi^ 

-1009 under nitrogen to a stirred solution of 4- bromobenzonitrile (lOOg) in freshly 
distilled tetrahvdrofuran (1.9L).' Addition was complete in SOam and the teniperature 
was maintained at ». -100° for 15mm before trnsopropylbdrate (140ml) was added 
dropwise between -97° and -96*. Addition was complete in lh and irirririg was continued 

15 atCA.-97°for2.5h. The mixture was allowed to warm to -10° and hydrochloric acid 
(2M; 352ml) was added dropwise over lOmin. The reaction mixture was poured into 
water (II) and the layers were separated. The organic layer was washed with water (II), 
saturated brine (11), dried (MgSOJ, filtered and concentrated to give the title compound 
(60.0g) as a white solid. 

20 Nmr. (6, D^DMSO) : 7.82, 7.96 (4HAABB*, aromatics), 8.45 (2H.br s, OH). 

Intermediate! 

4^4-TMidvnhenzomtrile 

A mixture of Intermediate 8 (6g), 4-bromopyridine hydrocbloride (9.93g), sodium 
25 carbonate (18g) and tetrald<triphenyIphosphuie)palIato (0) (2.36g) in a mixture of 
water (70ml) and 1,2-ethanedioI, dimethyl ether (140ml) was heated at reflux, under 
mtrogen,for20h. The reaction mixture was allowed to cool to room temperature and 
was concentrated irijacm The residue was partitioned between water (300ml) and ethyl 
acetate (300ml). The aqueous fraction was extracted wimethvt acetate (3(X)ml) and the 
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combined organic fractions were washed with water (300ml) and saturated brine (300ml), 
dried (MgSOJ, filtered and concentrated in vacuo to give an off-white solid. Purification 
<. by dry column 'flash' chromatography using silica gel (Merck 7736) during initially with 

dichloromethane and finally with System A (96:4:0.4) gave the title compound (3.47g) as 
5 a colourless solid. 

Tic. SiOj (System A 95:5:0.5), Rf 0.5. 

Intermediate 10 

4^4-<>anophenv^l-(phOT bromide 

10 A mixture of Intermediate 9 (7.62g) and benzyl bromide (5.6ml) in absolute ethanol 

(200ml) was heated at reflux under nitrogen for 4 days. A further quantity of benzyl 
bromide ( 1 .4ml) was added and the reaction was heated at reflux for a further 20h. The 
reaction mixture was allowed to cool to room temperature and the solvent was removed 
in vacuo. The residue was triturated with a mixture of hexaneand ethyl acetate (3:1; 

15 200ml) to give the title compound ( 12.5pt as a light brown solid. 

N.mx (6, D 6 -DMSO) : 5.9 (2H,s, ££fh), 7.4-7.7 (5H,m, CH£h), 8.16, 8,27, 8.64, 9.38 
(8H,2xAA f BB > , aromatics). 

Intermediate 11 

20 4 ^^henvhn ethyT^ 

A mixture of Intermediate 10 (12.4g) in a mbcture of absolute ethanol (250ml) and 
dry dimethylformamide (50ml) was cooled to £&. 0° under nitrogen. Sodium borohydride 
(2.68g) was added portionwise over lOmin. The temperature was maintained at 6° for 
a further 15min. The reaction mixture was allowed to warm to room temperature and 

25 stirring was continued under nitrogen for 18h. The solvent was removed in vacuo and the 
black residue was pre-adsorbed onto silica gel (Merck 7734) and filtered through a 
^ column of silica gel (Merck 9385) elutmg with System A (98:2:0.2) and evaporating to 

give a brown oil. This oil was hydrogenated in absolute ethanol (250ml) with 20% 
palladium hydroxide on carbon (1:1 paste with water, 2g) at room temperature and 
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pressure for 36k The reaction mixture was filtered through byfio, and the solvent was 
r™™* in vacuo to give a brown oiL Purification by diycohiim^'cbioinatography 
using silica gel (Merck 7736) eluting with hexane:dichloromethane:ethanoL0.880 
ammonia (10030:1:0.1 and 50:50:l:Oll) gave the title compound as a yellow oil (4.5g). 
5 Tic. SiQ, (System A 9*2:02), Rf 0.75. 

Intermediate 12 
^^Piperidinvnhenmnitrile 

A solution of Intermediate 11 (1.13g) and 2M aqueous hydrochloric acid (2ml) m 

10 itosoIiiteethanoI(I50mI)wM 

(1:1 paste wmi water; 285mg) at room temperature and pressure for21h. The mixture 
was filtered through hyflo, the solvent removed in vacuo tod the solid residue partitioned 
between ethyl acetate (100ml) and sodium carbonate <2N; 100ml). The aqueous fraction 
was extracted with ethyl acetate (100ml) and the cranbinedorgamcfiactio^ 

IS with brine (50ml), dried (MgSO^ filtered and concentrated >n vacuo to give the title 
compound (547mg) as a colourless oil. 
TXc SiO l (SystemA95:5:0.5),RfO.L 

Intermediate 13 

20 J , T JXmethvle rii yl 4-f4^4^ nn phttw1ll-^ r^ ^1-l- hvdroxvcvclohexaneacetate 
Iniermediate 6 (1 Jig) was heated under reflux with Intermediate 2 (1 .S9g) and 
p-tohienesulphonic acid (SOmg) in dry toluene (50ml) containing molecular sieves (2g) 
with stirring under nitrogen ibr 16L The mixture was filtered, diluted with ethanol 
(70ml) and hydrogenated over 5% platinum on carbon (250mg) at room temperature and 

25 pressure for 5 days. The catalyst was filtered off and the solvent evaporated to give a 
pale green oiL Purification by flash chromatography on silica gel (Merck 9385) eluting 
with System A(96:4:0.4) gave the title compound as a pale yellow oil (L09g). 
Tic. Si0 2 (System A 89:10:l),Rf 0.4 (mixture of isomers). 
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1 , unitnethvlethvl 444^2^romo-4-cvanoph^^ 
hy^rnvvcvclnhexaneacetgte 

A solution oflntermediate 2 (lO.Og) in methanol (130ml) was treated with 
imermediate 7 (11 Jg) and 1M hydrochloric add (11ml) w 3 
5 molecular sieves (3.5g) and sodium cyanoborohydride (2.76g) were added and the 
mixture was stirred at room temperature for 44k The solvent was evaporated and the 
residue partitioned between 8% aqueous sodium bicarbonate (250ml) and ethyl acetate 
(3x100ml). The organic layers were washed with brine, dried (MgSOJ and evaporated to 
give a yellow oil (23.0g). Purification by flash chromatography on silica gel (Merck 9385) 
10 ehiting with System A (95:5:0.5) gave the title compound as a pale yellow oil (9.47g). 
Tic, Si0 2 (System A 95:5:0.5), Rf 0.3. 

Intermediate 15 

f^ll-Dimethvlethyf 4^[4^4-cvanophenvlVl-piperidinvl1-l- hvdroxvcvclohexaneacetate 

15 A solution oflntermediate 12 (0.590g) and Intermediate2 (0.880g) in methanol 

(20ml) was treated with a solution of hydrogen chloride in ethanol (1M; 0.4ml) and 3 
molecular sieves (0.260g). The mixture was stirred at room temperature under nitrogen 
for25min. Sodium cyanoborohydride (0.206g) was added in one portion and the reaction 
mixture was stirred at room temperature under nitrogen for 66h. A further quantity of 

20 Intermediate 2 (0.440g) was added in one portion, followed by sodium cyanoborohydride 
(0. 103g), 3 molecular sieves (0.260g) and ethanolic hydrogen chloride (1M; 0.2ml). The 
reaction was stirred under nitrogen at room temperature, for 48h. The suspension was 
filtered through hyflo and the residue washed with methanol (40ml). The filtrate and 
washings were evaporated in vacuo and the residue was partitioned between 8% sodium 

25 bicarbonate (50ml) and ethyl acetate (50ml). The aqueous fraction was extracted with 
ethyl acetate (50ml) and the combined organic fractions were washed with brine (50ml), 
dried (MgSOJ, filtered and evaporated in vacuo to give a colourless oil. Purification by 
preparative high performance liquid chromatography (kplc; gradient profile: 30*50% 
(B) in 15min at 45ml/min; R,.: 12.83mm) gave the title compound (0. 19g) as a white 

30 solid. 
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Tic. SiQ, (System A 95:5:0.5), Rf 0.45. 



T 1 -rKmethvlrt*™ 1 M 4 ^ ^aTrrninthioxorr^W^™^ 1 - 1 - 
Ppprn7^n-1-^Y^rnicvcv(JnVimraneacetate 

Intermediate 13 (1.0g>was dissolved in dry dmemylfonnarnide (30ml) and treated 
withtrietr 9 iarnine(3.7ml). Hydrogea sulphide was bubbled through the mixture for 20 
mm, and the mixture was stirred at room temperature for 24h and allowed to stand at 
room temperature for 4Vi days. The mixture was poured into 2N aqueous sodium 
carbonate (150ml) and extracted whfa ethyl acetate (3x120ml). The organic layers were 
washed with 50:50 brine: water (4xI25mI) and brine, dried (MgSOJ and evaporated to 
F«» tfi^fitlft compound as a pale yellow solid (l.Oog). 
TXc.Si0 4 (SystemA89:10:lXitf0.5(inrxtureofisomereX 

Intermediate 17 was prepared in a similar manner. 



Intermediate 17 

r ^^7,W1.l -hvjr?7tY^" hwfflneflCetate f0-478g) as a yeDowgum 

From Intermediate 14 (0.5g) in dimethvlfbnn^ andtriethylaniine 

20 (1.55m0- 

Tic Sip, (System A95:5:0.5), Rf 0J7, 0.2 (mixture of isomers cj, 50:50). 

Intermediate 18 

25 pforer wH-l -hy^m-xvcvclnhexaneacetate 

Intermediate 5 (0.885g) was dissolved in dty dimetrryirorrna^ 
trie4iryiainirie (3m0adm The solution was saturated with gaseous hydrogen sulphide 
over 0.5hthen stirred at 21° for I6fa. Ethyl acetate (300ml) was added and tiie solution 
washed with 2M sodium carbonate (100ml), then water (3x50ml) and brine (50ml). The 

30 ■ organic phase was dried (Na£OJ and evaporated fa vacuo. The residue was triturated 
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niith timranp-^hw (1 -1 , 50ml) tn afford the title compound (0.355g) as a mixture of 
isomers. 

Tic. SiO, (System A89:10:l), Rf 0.38, 0.44. 

5 Intermediate 19 

, 1.nitnethvl«5thvt 4-f4-f4^ammnthi 0 xomethvl>r)herwn-l-DiDeridmvll- 
1 -hyHrmtvcvclnhexaneflcetate 

Hydrogen sulphide gas was bubbled through a solution of Intermediate IS (0. 190g) 
and dry triethylamine (2ml) in dry dimethylfbrmamide (20ml) for 20mm. The green 
10 solution was stirred at room temperature for 16h. The solvent was evaporated in vacuo 
and the residue was partitioned between sodium carbonate (2N; 50ml) and methyl ethyl 
'ketone (50ml). The aqueous fraction was extracted with methyl ethyl ketone (50ml) and 
ethyl acetate (25ml) and the combined organic fractions were washed with brine (100ml), 
dried (MgSO^X filtered and concentrated m^aaic to give a brown gum. Trituration with 
15 hexane:diethyl ether (3: 1; 20ml) gave the title compound (0.208g) as a brown solid. 
Tic. SiOj (System A 95:5:0.5), Rf 0.15. 

Intermediate 20 

1J*mt*hvli^4 J4-r4^aimnr^^ 

20 rivdro-Kvcvclongyaneacetate trifluoroacetate 

Intermediate 16 (l.Og) was heated under reflux with iodomethane (0.16ml) in 
acetone (50ml) whh stirring und.<- nitrogen for 2.5L More iodomethane (0.016ml) was 
added, and heating under reflux was continued for lh. The solvent was evaporated to 
give a light brown solid which was dissolved in methanol (50ml) and heated under reflux 

25 with ammonium acetate (0.712g) with stirring under nitrogen for 6h. The solvent was 
evaporated to give a yellow solid. Purification by preparative h.plc. (gradient profile : 
10-60% (B)in 17min; R,. 13min) gave the title compound as a pale yellow solid (0.335g). 
N.m.r. (6.D6-DMSO) : 1.43(9HAtBu),1.52,1.74-2.04(8H > m,cyciohexane), 
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2.34(2^0^ COitBup.08JJ0(5H^piper8zm6+c^hc^ (2H^n) & 

4.16 (2H^n) (pinerazine),7.I9(2H> and 7 A (2H) (aromatics),8.82 9.02 (4H,m,anridine). 



yntermediate 21 
5 cis-l-l-I 

pfp^^nyTf-l -hvrimxvryrJnliCTaneflrftnf P. frifluoroacgftte «dt 

Intermediate 17 (0.470g) was heated undet reflux with iodometfaane (0.07ml) in 
acetone (30ml) with stirring under nitrogen for 4L More iodomethane (0.035ml) was 
added, and heating under reflux was continued for 3h. The solvent was evaporated and 
10 the residue dissolved in methanol (20ml) and heated under reflux with arrmionium acetate 
(0.284g) with stirring under nitrogen for 8h. Thesotvent was evaporated and theresidue 
purified by prepanmveh.plc (gradient proffle: 10-70% (B)m 18 miiiiR,.: 13.2min)to 
give the title compound as a pale yellow oil (0. 137g). 
Mass spectrometry [MIT] 495,497. 

15 

Intermediate 22 
^| J.ffiiiiellwli*^ 

p^^m Yq-14rodmxv»^oh^ triflimmacetafesalt 

Intennediate 18 (0355g) in acetone (40ml) was treated with iodomethane (70ul) 

20 and heated at reflux under nitrogen for 23h. Purdieriodoriieniane(20ul> was added and 
the solution heated at reflux for a further 0.5h. The solvent was removed in vacuo, the 
residue taken up in methanol (30ml), ammonium acetate (0.6g) added and the solution 
"heated at reflux under mtrogenfer 3k Theinixtatewasewapor^ayjcmandlhe 
residue purified by preparative Lplc. Osochratic duent : 3 5% (B); ^ : 103min) to 

25 afford the title compound as an off-white solid (0.251g). 

N.mr. (6, D^DMSO) : 1 .36-1.60 (HH, s+m, tfiji + cyclohexane), 1.72-L94 (6H, m, 
cyclohexane) 3.14-3.40 (5H, m, cyclohexane CH + piperazine), 3.63 and 4.37 (4H, 2xm, 
piperazine), 4.62 (1H, br. s, OH>, 8.75 (2H, s, pyrimidine), 9.26-9.44 (4H, m, arnidine), 
9.8(lH,br^NH0. 
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cis-l J^Dimethvlethvi 444>r44AinTnoiminomethvnDhenvlVl- 
piperidinyl^l-hvdroxvcvclohemieac^ate 
5 A mixture of Intermediate 19 (0.206g) and iodomethane (78|jJ) in dry acetone (5ml) 

was heated at reflux for 2.25h, under nitrogen. The reaction mixture was allowed to cool 
to room temperature and the solvent was removed in vacuo. The solid residue was 
heated under reflux with ammonium acetate (0.1 47g) in methanol (5ml) under nitrogen 
for 8h. After cooling, evaporation of the solvent in vacuo gave a brown residue which 
10 was purified by preparative h.plc. (gradient profile 10-70% (B) in 18min; 12.9min) 
to give the title compound (0.108g) as a pale yellow solid 

N.m.r. (6, D r DMSO) : 1.43 (MUfcuX 1.54, 1.76-2.02, 2.08, 3.58 (14H,m, cydohexane 
and piperidine), 2.34 (2H,s£H 2 C0 2 t Bu), 3.01 (lH,tt,piperidine CH), 3.06-3.26 (3H^n, 
cydohexane CH and piperidine), 7.5, 7.82 (4H r AA f BB > , aromatics), 8.96-9,34 (5H,3xm, 
15 amidine and piperidine NIT). 

Intermediated 

hlrPimetWethyil 

lrydro?ycydohg^eftgetate 

20 5-Bromo-2 -cyanopyridine 1 (1.03g) and Intermediate 4 (1.52g) in 

dimethylsulphoxide (50ml) were treated with sodium bicarbonate (950mg) and heated at 
120° for 16h. The mbcture was cooled, poured into water (150ml) and extracted with 
chloroform (2x220ml, 1x50ml). The combined chloroform extracts were washed with 
water (200ml) f dried (Na^OJ and evaporated in vacuo. The dark residue was purified by 

25 flash chromatography over silica (Merck 9385) eluting with dichloromethane-methanol - 

0. 880 ammonia (95:5:0.5) to afford the title compound as a pale yellow solid (0.75Sg). 
TJ.C. Si0 3 (dichloromethane-methanol - 0.880 ammonia 89:10:1), Rf 0.5. 

1. T, Sakamoto, S. Kaneda, S. Nishimura and H. Yamonaka, Chem. Pharm. BulL T 1985, 
565. 
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JntermediatC 25 

| 1 1-pmirthvTethvI 4^4-p_-/«minp fhinxnm^ 

5 intermediate 24 (0/T45g)m dm 

triethylamine (5ml) and hydrogen sulphide passed through for 30mm. The mixture was 
allowed to stand for 3 days, then concentrated m*acmTb*re^e was poured into 2M 
sodium carbonate (250ml) and extracted with ethyl acetate (2x200ml). The extracts were 
washed with water (3x100ml) and brine (I00in&, dried (Na,SOJ and ev 
10 vacuo. The residue was triturated with hexane-ether (I:l,30ml) to afford thejMs 
compound as ayeflow solid (0 J02g). 

Tic. SiOj (triethylainine doped, ethyl acetate-emanol 19:1), Bf 0.45, 
I ntermediate 26 

15 ^l-Dimethvlertwl 4-r4-r2-Jraminn>immomPthvlT-S-nvridinvl1-l- 
plp^^n yn-l^livdro ^dohemrieawme. trifluoroacetate safe 

Ihtennediate 25 (0.694g) in acetone (80rw) was treated with iodomethane (0.15ml) 
and heated at reflux for iJh before beir«treatedwm^firther iodomethane (0.15ml) and 
heated at reflux for afcrther 1.5h. Theroixture was cooled and evaporated in vacuo and 

20 the residue dissolved in methanol (80ml) and ammonium acetate (lg) added. The solution 
was heated to reflux for 6h and evaporated in vacuo. The residue was purified by 
preparative kplc. (gradient profile: 10-70%(B)in iSmin;^ ll.5-12.0min) to afford 
the title compound as a colourless solid (OJ04g). 

Analytical h.p±c. retention time I0.7min; gradient proffle 10-90% B in 25 mm. 

25 

Tnfermediate27 

] -hyfTrnrvrvclohevaneacetate 

Intermediate 14 (0.700g) was heated under reflux with phenylboronic acid 
30 (0314g), tetrakis(triphenylphosph^^ (0) (0.089g), sodium carbonate (0.53g) 
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and water (3ml) in 1,2- dimethoxyethane (15ml) with stirring under nitrogen for 16h. The 
mixture was partitioned between water (40ml) and ethyl acetate (3x25ml) and the organic 
layers were washed with brine, dried (MgSOJ and evaporated to give a brown oil. 
Purification by flash chromatography on silica gel (Merck 93 8 5) eluting with System A 
5 (96:3.5:0.35) gave the title compound as a light brown foam (0.647g). 
Tic. SiQ, (System A 95:5:0.5X Rf 0.5. 

Intermediate 28 

11-Dimethvlethvl 4^4^S^aminothioxomethvnri J^phenvfl-2-vn- 

10 1 'p^m^^l-^hvdroxvcyclQhexane^c^e 

Hydrogen sulphide was bubbled through a solution of Intermediate 27 (0.63g) and 
triethylamine (1.96ml) in dry NJN- dim^hylformamide (15ml) at room temperature under 
nitrogen for lOmin. Stirring was continued at room temperature for 21h. The mixture 
was poured into 2N aqueous sodium carbonate (80ml) and extracted with ethyl acetate 

15 (3x60ml). The organic layers were washed with brine-water (50:50; 4x50ml) and brine, 
dried (MgSOJ and evaporated to give the title compound as a veHow gum (0.598g). 
Tic. SiOj (System A 95:5:0.5), Rf 0.15, 0.2 (isomers). 

Intermediate 29 

20 1.1-Dimethvleth yl 4>f4>r5^aminoiminomethvnrL r-binherMI-2-vn-l- 
pfrgffl^FYH- 1 ^hydroxvcvclohexaneacetate. trifluoroacetate salt 

Intermediate 28 (0.588g) was heated under reflux with iodomethane (0.086ml) in 
acetone (20ml) with stirring under nitrogen for 1.75h. More iodomethane (0.014ml) was 
added and heating under reflux was continued for 1.5h. The solvent was evaporated to 

25 give a yellow foam which was dissolved in methanol (25ml) and heated under reflux with 
ammonium acetate (0.355g) with stirring under nitrogen for 2k The solvent was 
evaporated to give a yellow gum. Purification by preparative Lp.Lc. (gradient profile 
10-70% (B) in 18min; 15min) gave the title compound as a pale yellow gum (0.241g). 
Mass spectrometry [MIT] 493. 
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trifunmacetfltesah 

Intermediate 20 (0330g)was stilted at room tmperaturewith water (0.5ml) and 
5 trifluoroacetic acid (5ml) for 10 nrin. The solvents were evaporated to give a yeUow gum 
which was triturated with dry ether tagwemetitiecQniDPwqdasapaleyeHowsoKd 
(O.209g). 

Njiu. (6, D f DMSO) : 1.48-2.08 (Stocydohexane), 237 QM,s£H 2 CO&, 3.08-3 3 
(5H^piperazine+ cydohexane C-H), 3.62 (2H,dd), 4.15 (2H,dd)(piperazineX 4.62 
10 (lH,br,OH5,7.18(2B^7.8(2^, (aromatics), 8.82, 9.05 (4H^amidme>. 
AnalysisFouud: C,46.1;H,5.l;N,9.2; 
C B B^N 4 0 J ^CF 3 C0 2 H.0.5H l O requires: 0,46^^.2,^9.4%. 

Example 2 

15 rac^^r^An^oimmnmethvrf-^-hrnmnphenvll-l -nipe^Tinvri-l - 

h yrfw«vcvcIol lf««negcetie a^M, trrflnoroacetate salt 

Intermediate 21 (0.135g) was dissolved m trifluoroacetic add (3mD and water 

(0.3ml) and theimxture stirred at room tenmerature for 8min. The solvent was 

evaporated and the residiie purified by preparative h,p.Lc. (gradient profile 10-70% (B) in 
20 IB min; R t : ° «" ri» fffl» compound as a white solid (0.31g) 

AnalysisFound: C,39.8;H,4.4;N,7.75; 

C^^rNp 3 ^CF3COOHreqmres : Q39.8; I^4.1;N,7.73%. 

Njnx.(5, D6-DMSO) : 1.44-2.01 (8H, m, cydohexane), 2.3S (2H, s, fflCOjH), 

2.96-3.40 (5H, m, piperazine+ cydohexane CH), 3.56-3.80 m, piperazineX 4.65 
25 (ih: br. s, OH), 7.42 (IH, d), 7.85 (1H, dd) and 8.14 (1H, d) (aromatics), 9.06 and 9.3 

(4H, 2 x br s, amidine), 9.6 and 12.2 (2H, 2 x br s, CO,H and NH+). 

Example 3 
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ri^[4-[2^Aminoimin ome^ 
hvdroxvcvclo hexaneacetic arid, trifluoroacetate salt 

Intennediate 22 (0.250g) was dissolved in trifluoroacetic acid (9ml) - water (lml) 
and allowed to stand at 22° for 0.5h. The solution was evaporated to dryness in vacuo 
5 and the residue triturated with dry ether (2x 1 0ml) to give the title compound as an 
off-white solid (0.212g). 

Analysis Found : 0,41.1; H.4.6; N,13.3; 

C I7 H as N 6 0 3 .2.4CF 3 COOH requires : C,41.2; H.4.5; N,13.2%. 

Mass spectrometry {MET] 363.2. 

10 

ris^f444^Aminoiminometh^ hvdroxvcvclohex aneacetic acid 

trifluoroacetate salt 

A solution of intennediate 23 (0.1 06g) in a mixture of trifluoroacetic add (9ml) and 
IS water .( lml) was stirred at room temperature under nitrogen for 2h. The solvents were 
removed in vacuo to give a pale brown residue. Trituration with diethyl ether (20ml), 
filtration and drying in vacuo gave the title compound (0 .058g> as a fawn solid. 
Mass spectrometry [MET] 360. 

N.mx. (&, D 6 -DMSO) : 1.57, 1.75-2.05, 2.09 (12H,m, cydohexane and piperidineX 2.37 
2° (2H,s£H^C0 2 H) > 3.01 (lH,tt, piperidine CHX 3.07- 3.28 (3Iim, cyclohexane CH and 
piperidineX 3.58 (2H,ddd, piperidine), 4.62 (lH,br.s,OH), 7.5, 7.81 (2H,AA V BB' 
aromatics), 8.96-9.34 (5H,3xbrm, amidine and piperidine NIT). 

Example 5 
25 cifr4-[4-[2^Aminoiminom 
acid r trifluoroacetate salt 

Intennediate 26 (0.498g) in trifluoroacetic acid-water (9:1, 15ml) was allowed to 
stand for 2h, then evaporated to dryness in vacuo . The residue was triturated with dry 
ether (y2) to give the title compound as an off-white solid (0.347gV 
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AnalysisFound: *> 4T > N ' 10 - 7 '' 

C 1 A 7 N s OA5CF J COOHrequires Q42.7; $4-6; N,I0.8%. 

Mass spectromrtty IMS*] 362.4. 
5 Example 6 

i -Wmxvcvcl^CT'n^^ic arid trfflnoroacetate salt 

Intermediate 29 (0237g) was stirred at room temperature with trifluoroacetic acid 

(5ml) and water (0.5ml) for lOxnin. The rnbcture was evaporated to dryness and the 
10 residuetritarated with dry ether to give the title wmpownd as a white solid (0.126g). 

AiiarysisFound: C,50.8;H,5.3;N,7.7; 

C Js ^ 4 O 3 .2.35CF3C00H requites C,50.6;^4.9;N,795%. 

Njnx(8, D r DMSO>: 9.4 (labr^CC^H), 9.2 and 8.95 <4JL2Ar.s*IH?s), 7 M Qadd), 

7.78-7.70 QEm), 7.54 <2fit), 7.44 O&t) and 73 (!&<*) (aromatics), 3.1-3.5 
15 GSamJM^'s andN-CH), 2,88-3.02 (fflLm.N-CEI,); 2.35 G&sJ^CO^ 1.9-1.64 

(6H^n,cydohexyl CH^X (2&br.t,cyclohexyI CBj. 

E?mnpte7 
Biologicaipatt. 

20 inhibition of blood platelet aggregation by compounds of the invention was 

determined according to the Mowing procedure. Citrated whole blood (1 part 3.8% 
trisodium citrate : 9 parts blood) was obtained from human volunteers, free of medication 
for at least 10 days prior to collection. The blood was incubated wMiO.ImM aspirin and 
0.05uM prostacyclin and then centrffiiged at lOOOg for 4 minutes <20°C). The 

25 supernatant platelet rich plasma (PRP) was fiirther centrffiiged at 1300gfor 10 minutes 
(20°C) to sediment the platelets. The supernatant was discarded and the pellet washed 
with a physiological salt solution (BEPES 5mM, NaHCO, 12mM,NaCl I40mM, Ki^PO, 
0.74mM, D-Ghicose 5.6mM, KCI 2.82mM and BSA 20g/l, pH 7.4) to remove residual 
plasma. After washing, the pellet was resuspended in physiological salt solution and then 
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applied to a sepharose CL-2B column, pre-equilibrated with physiological salt solution at 
room temperature. The platelets (GFP) eluted within the void volume and were diluted 
to approximately 300,000 platelets/^ in buffer. Purified human fibrinogen (Knight 
L.C. et al, 1981 Thromb. Haemostasis, 46(3), 593-596) was added to a final 
5 concentration of 0.5mg/ml together with Ca2+ and Mg2+ at ImM and O.SmM 
respectively. Test compounds were incubated in GFP for 5 minutes at 37°C and the 
platelet aggregating agent adenosine diphosphate (ADP) was added to a final 
concentration of 1 x lO^M. The potency of the compounds may be expressed as an ICj„ 
value, defined as the concentration of compound required to produce 50% inhibition of 
10 platelet aggregation. 

The following 1C X values were obtained for the compounds of the invention: 



Compound Example Nn K^InM} 

1 45 

2 945 

3 543 

4 13 

5 220 

6 1549 



15 



20 



25 
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pharmacy Brgmple - Tablets 



5 a) Compound of the invention S.Omg 

Lactose 950m 8 

Microcrystalline Cellulose 90.0mg 

Cross-linked polyvinylpyrrolidone 8.0mg 

Magnesium Stearate ■ 2 . 0m 8 

10 Compression weight 200.0mg 



The compound of the invention, rmcrocrystalline cellulose, lactose and cross-linked 
pofyvhtfJpynofidone ate sieved through a 500 micron sieve and blended in a suitable 
mixer. Th^g™*?"™ stearate is sieved through a 250 micron sieve and blended with the 
15 active blend. The blend is compressed into tablets using suitable punches. 

5.0mg 
165.0mg 
20.0mg 
8.0mg 

200.0mg 

The compound of me invention, lactose and pr^elatinised starch are blended together 
25 and granulated with water. The wet mass is dried and milled. The magnesium stearate and 
cross-linked poryvmylpyrrolidone are screened through a 250 micron sieve and blended 
with the granule. The resultant blend is compressed using suitable tablet punches. 



b) Compound of the invention 
Lactose 

Fregelatimsed Starch 
20 &oss-linkedpofyvmylpyrrolidone 
Magnesium Stearate 
Compression weight 
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Phannacv Ex ample - Capsules 



5 a) Compound of the invention 5.0mg 

Pregelatinised Starch 193.Qmg 

Magnesium Stearate 2.0mg 

Fill weight 200.0mg 



10 The compound of the invention and pregelatinised starch are screened through.a 500 
micron mesh sieve, blended together and lubricated with magnesium stearate, (meshed 
through a 250 micron sieve). The blend is filled into hard gelatine capsules of a suitable 
size. 



15 b) Compound of the invention 5.0mg 

Lactose 177.0mg 

Polyvinylpyrrolidone 8.0mg 

Cross-linked polyvinylpyrrolidone 8.0mg 

Magnesium Stearate 2.0mg 

20 Fill weight 200.0mg 



The compound of the invention and lactose are blended together and granulated with a 
- solution of polyvinylpyrrolidone. The wet mass is dried and milled. The magnesium 
stearate and cross-linked polyvinylpyrrolidone are screened through a 250 micron sieve 
25 and blended with the granules. The resultant blend is filled into hard gelatine capsules of a 
suitable size. 
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Ph ft rm»cy Example - SvruP 

5 a ) Compound of the invention 50mg 

Hydroxypropyl Methylcellulose 45.0mg 

Propyl Hydroxybenzoate 1.5mg 

Butyl Hydroxybenzoate 0.75mg 

Saccharin Sodium 5.0mg 

10 Sorbitol Solution 10ml 

Suitable Buffers <l s 

Suitable flavours 4 s 

Purified Water to IOjhI 

15 The bydroxypropyl methylcellulose is dispersed in a portion of hot purified water together 
with the hydroxybenzoates and the solution is allowed to cool to room temperature. The 
saccharin sodium flavours and sorbitol solution are added to the bulk solution. The 
compound of the invention is dissolved in a portion of the reniaining water and added to 
the bulk solution. Suitable buffers may be added to control the pH in the region of 

20 inaximum stability. The solution is made up to volume, filtered and filled into suitable 
containers. 

Example 11 

Pharmacy Ey flwiplg- Infection Formulation 



25 



%w/v 

Compound of the invention 1.00 
Water for injections B.P. to 100.00 
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Sodium chloride may be added to adjust the tonicity of the solution and the pHmaybe " 
adjusted to that of ™™nimi stability and/or to facilitate solution of the compound of the 
invention using dilute acid or alkali or by the addition of suitable buffer salts. Antioxidants 
and metal chelating salts may also be included. 
5 The solution is prepared, clarified and filled into appropriate sized ampoules sealed 

by fusion of the glass. The injection is sterilised by heating in an autoclave using one of 
the acceptable cycles. Alternatively the solution may be sterilised by filtration and filled 
into sterile ampoules under aseptic conditions. The solution may be packed undo* an inert 
atmosphere of nitrogen. 

10 



15 



20 



25 
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1. Compounds of formula (T) 



2 . "a 



5 




m which 

10 X 1 , X?andY^\^dimaybe^sameordifiKeiit,rq)res^CHorN; 

^representsNor, when Y 1 represents N, may also represent CH; 
R* represents ahydiogen atom orahydro^ 

group; 

R* represents ahydrogenatom or, wh^^ mayalso 
15 represents afluorine, chlorine or bromine atom or a phenyl or C^atkyl group; 

R 3 represents a hydrogen atom or, when both Y 1 and Y* represent N, mayalso 
represents a C^alkyl or bydroxymethyl group an d salts and solvates thereof. 

2. Compounds as daimed in Claim 1 where the compound of formula (I) is a compound 
20 of formula (Ea): 




25 

X 1 , X 2 and Y 1 , which may be the same or different, represent CH or N; 
Y 2 represents Nor, when Y 1 represents N, may also represent CH; 
R l represents a hydrogen atom or a hydroxyl, C,^alkyl or 2,2,2- trifluoroethyl 
30 group; 
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R 2 represents a hydrogen atom or, when both X 1 and X 2 represent CH, may also 
represents a fluorine, chlorine or bromine atom or a phenyl or C M alkyl group; 

R 3 represents a hydrogen atom or, when both Y 1 and Y 2 represent N, may also 
represents a C M aIkyi or hydroxymethyl group. 

5 

3. Compounds as claimed in Claim 1 or 2 in which one or both X 1 and X 2 represents 
CH. 

4. Compounds as claimed in any one of Oairnsl to 3 in which one or both Y 1 and Y* 
10 represents N. 

5. Compounds as claimed in any one of Claims 1 to 4 in which R 1 represents a 
hydrogen atom. 

15 6. Compounds as claimed in any one of Oaims 1 to 5 in which R 3 represents a hydrogen 
atom. 

7. cis^[4^4^Ammoiminom hydroxycydohexaneacetic 
acid; 

20 cis^[4-[4^ammoimi^ 

hydroxycydohexaneacetic add; 
cis^[442^aminoimmome£hy^ 
hydroxycydohexaneacetic add; 
ds^4-[2^aminoiminoinethyI)-5 

25 add; 

cis^[444<aminoimino^ add; 
ds^[4-[5^aminoiminome^ 

hydroxycydohexaneacetic add; and physiologically acceptable salts and solvates thereof. 
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g. Compounds as claimed in any of Claims 1 to 7 wherein the compound of formula CO 
is in the form of a hydrochloride, hydrobromide, sulphate, phosphate, benzoate, 
naphthoate, bydroxynaphthoate, p- tohienesolphonate, methanesulphonate, suiphamate, 
aseoroate, tartrate, saKcy^ 
5 tricaiballylate, citrate, fomarate, maleate or sodium salt 

9. A process forthe preparation of conm^^ 

Chums 1 to 8 or a physiologically acceptable salt or solvate thereof, which comprises: 
(A) for the preparation of compounds of formula (I) in whichR 1 represents a hydrogen 
10 atom alkylating a compound of formula (H) 



2 3 




H 



followed by reaction with a source of ammomaandthereafteien^^ 
acid protecting group; or 

(B) for the preparation of a compound of formula© in whichR 1 represents a hydroxy! 
group, treating a compound of formula (HI) 




oraprotected derivative thereof with hyoroxylamme or an arid addition salt thereof in the 
presence of abase, followed by removing any protecting groups present; or 
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10 



15 



20 



25 



(Q for the preparation of a compound of formula (I) in which R 1 represents a C^alkyl or 
2^,2-trifluoroethyl group, treating a compound of formula (IV) 



(wherein R 4 represents an alkyi group) with an amine R ! NH 2 (wherein R 1 represents 
C^alkyl or 2^2-trifhioroethyl), followed by removal of the carboxyiic add protecting 
group; or 

(D) (protecting a protected derivative of a compound of formula©; or 

(E) interconversion of a compound of formula 0) into another compound of formula 0); 
and when the compound of formula (I) is obtained as a mixture of enantiomers, optionally 
resolving the mixture to obtain the desired eoantiomer, and/or where the compound of 
formula (I) is in the form of a free base, optionally converting the free base into a salt 

10. A pharmaceutical composition comprising a compound of formula (I) as defined in 
any one of Claims 1 to 8 or a physiologically acceptable salt or solvate thereof together 
with at least one physiologically acceptable carrier or exctpient 

11. A compound of formula (T) as defined in any of Claims 1 to 8 or a physiologically 
acceptable salt or solvate thereof for use in human or veterinary medicine. 

12. The use ofa compound of formula (T) or a physiologically, acceptable salt or solvate 
thereof as defined in any of Claims 1 to 8 for the manufacture of a therapeutic agent for 
t:ia treatment or phrophyiaxis of thrombotic disorders. 

13. A method of treating a human or animal subject suffering from or susceptible to a 
thrombotic disorder, which method comprises administering to said subject an effective 



2 



3 
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amount of a compound of formula (T) as defined in any ofclaims 1 to 8 ora 
physiologically acceptable salt or solvate thereof 

5 
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